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(71) We, Acres Consulting Services 
Limited, a Canadian Company, of 20 Vic- 
toria Street, Toronto, Ontario, Canada 
M5C 1Y1, do hereby declare the invention, 
for which we pray that a patent may be 
granted to us, and the method by which it 
is to be performed, to be particularly des- 
cribed in and by the following statement: — 

This invention relates to electrical power 
generating plant. 

There is a growing need at the present 
time for the use of clean fuels in electrical 
generating plant. This need arises out of the 
growing concern over the problems of atmo- 
spheric pollution, caused primarily by the 
burning of dirty fuels which are relatively 
abundant. Sources of fuel having an accep- 
table degree of cleanliness are available; 
such fuel sources include, for example, coal 
gasifier plants and synthetic gas production 
plants. However, such clean fuel sources in- 
volve a very high capital cost, and would be 
extremely uneconomical to operate except 
when working at full capacity. Apart from 
cost considerations, such clean fuel sources 
cannot easily be regulated to meet the re- 
quirements of a variable demand for energy. 

These problems associated with presently 
available clean fuel sources are particularly 
serious if the fuel sources are to be used 
with electrical power generating plant, for if 
the generating plant is required to meet a 
variable load demand, the fuel, source as 
well as the components of the plant itself 
must be designed to meet maximum load 
conditions and the operating cost of the 
system in off-peak periods (represented by 
the ratio of the capital cost to the useful 
power output) may well be prohibitive. 

It is an object of the present invention 
to provide an improved power generating 
plant in which useful energy is derived from 
the fuel source continuously despite varia- 
tions in the load demand on the system. 

According to one aspect of the invention 
there is provided an electrical power gene- 
rating plant having alternative generating 
and energy storage modes which alternate 
during a cycle of operation, comprising: a 



pressurized-air fuel gasifier for producing a 50 
high pressure stream of combustible gas; 
combustion means for combusting said gas 
to generate a waste gas stream; a gas tur- 
bine driven by the waste gas stream; a main 
electric generator coupled to the gas turbine 55 
to be driven thereby; a first air compressor 
coupled to the gas turbine by coupling 
means including a disconnectible clutch, the 
clutch being disengaged during the generat- 
ing mode of operation and being engaged 60 
during the energy storage mode of operation 
to drive the compressor; an underground air 
storage reservoir connected to the air com- 
pressor to receive compressed air therefrom 
during said storage mode; and a second air 65 
compressor connected to receive air from 
the air storage reservoir and to deliver air 
at a higher pressure to the gasfier, the 
second air compressor being driven by an 
expansion turbine driven by said combus- 70 
tible gas stream. 

According to a second aspect of the in- 
vention there is provided an electrical power 
generating plant having alternative generat- 
ing and energy storage modes which alter- 75 
nate during a cycle of operation, compris- 
ing: a pressurized-air fuel gasifier for 
producing a high pressure stream of com- 
bustible gas; a stream generator heated by 
the combustion of said combustible gas for 80 
generating high pressure ; steam, the steam 
generator discharging a waste gas stream; a 
gas turbine driven by the waste gas stream; 
an electric motor generator coupled to the 
gas turbine; a first air compressor coupled 85 
to the gas turbine by coupling means in- 
cluding a disconnectible clutch, the clutch 
being disengaged during the generating 
mode of operation and being engaged dur- 
ing the energy storage mode of operation 90 
to drive the compressor; an air storage 
reservoir connected to the first air com- 
pressor to receive compressed air therefrom 
during the energy storage mode; means for 
delivering compressed air from the air stor- 95 
age reservoir to the steam generator; a 
second air compressor connected to receive 
air from the air storage reservoir and to ",■ 
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deliver the air at a higher pressure to the 
gasifier, the second air compressor being 
driven by an expansion turbine connected 
between the gasifier and the steam generator 
5 and driven by said combustible gas stream; 
a steam turbine operated by high pressure 
steam from the steam generator, and an 
auxdiary electric generator coupled to the 
steam turbine to be driven thereby, the 
10 motor generator being connected to the 
auxiliary generator so as to be energized 
thereby during off-load periods and so assist 
the gas turbine. 

. According to a third aspect of the inven- 
15 tion there is provided a method of operating 
an electrical power generating plant com- 
prising an electrical generator driven by a 
gas turbine plant, to meet a variable load 
demand, which method comprises providing 
20 an underground storage reservoir constitut- 
ing a source of pressurized air, continuously 
generating a high pressure stream of com- 
bustible gas from the gasification of fuel 
m the presence of pressurized air from the 
25 reservoir, combusting said gas in the pre- 
sence of pressurized air from the reservoir 
to generate heat while producing a waste gas 
stream, utilizing said waste gas stream to 
drive the gas turbine; and 
30 (i) when the load demand is high, dis- 
engaging the air compressor of the 
gas turbine plant to reduce the 
mechanical load thereon, and 
(ii) when the load demand is low, en- 
35 gaging the air compressor of the gas 

turbine plant and supplying com- 
pressed air from the air compressor 
to the air storage reservoir. 
In order that the invention may be readily 
40 understood, one embodiment thereof will 
now be described, by way of example, with 
reference to the accompanying drawings, in 
which : 

Figure 1 is a block diagram illustrating 
45 the bare essentials of a system according to 
the invention; 

Figure 2 is a schematic diagram illustrat- 
ing a combined cycle generating plant em- 
bodying the invention and including air 
50 storage means and coal gasification plant; 
and 

Figures 3 and 4 are Sankey diagrams illus- 
trating the energy flow pattern during the 
"air storage" and "electrical generation" 

5 5 modes, respectively. 

In the system illustrated in Figure 1, an 
electrical generator 1 is driven by a gas tur- 
bine 2 and supplies electrical power during 
on-load periods to a load system. Fuel gas 

60 for the gas turbine is received from a con- 
tinuously operated clean fuel source 3, 
namely a pressurised-air fuel gasifier, which 
may be a coal gasifier plant, a synthetic gas 
production plant, or other similar source of 

65 clean fuel. An air compressor 4 is provided 



for the gas turbine and is arranged to be 
driven thereby during off-load periods, a 
discqnnectible clutch 5 being provided to 
provide the driving engagement when 
required. During on-load periods, however, 70 
the air compressor 4 is disconnected from 
the gas turbine 2, and the latter receives the 
compressed air necessary for its operation 
from an air storage reservoir 6, as also does 
the gasifier plant 3. In this way the power 75 
available from the gas turbine for driving 
the generator is about three times that which 
it would be if the air compressor were 
driven continuously, for about two thirds of 
the power of a conventional gas turbine is 80 
required for providing the compressed air 
for its operation. During off-load periods, 
however, the entire power output of the gas 
turbine may be used to drive the air com- 
pressor 4, the output of which is used to 85 
recharge the air storage reservoir 6. 

It will be appreciated that the air com- 
pressor and the gas turbine would each in 
practice have a number of stages designed 
according to well established engineering 90 
practice. 

In the embodiment illustrated diagram- 
matically in Figure 2, a motor/generator 10 
coupled to a gas turbine 11 is driven by 
the turbine during on-load periods to feed 95 
power into a load system, but during off- 
load periods it receives power from an auxi- 
liary generator 12 and assists the gas tur- 
bine. The auxiliary generator 12 is driven 
by a steam turbine system 13 having a steam 100 
generator 14. 

Fuel gas for the steam generator 14 is 
produced by a continuously operated clean 
fuel source 15. The fuel source 15 of this 
example comprises a pressurized-air coal 105 
gasifier 16, producing low b.tu. gas which is 
purified in a gas purification plant 17 and 
after pre-heating expanded in an expansion 
turbine 18, the latter being coupled to an 
air compressor 19. The expanded gas, the 110 
pressure of which has been stepped down 
from 1000 p.s.L to 600 p.$j. is burned in 
the combustion chamber of the steam gene- 
rator 14, the gases of combustion being fed 
on to the first stage of the gas turbine 11 115 
at a temperature of 1500°F. and a pressure 
of 600 p.s.L The coal gasifier 16 receives 
steam from the steam generator 14, via a 
reheating stage, and also receives air at a 
pressure of 1000 p.sA. from the air com- 120 
pressor 19. The input air of the compressor 
19 and the combustion air for the steam 
generator 14 and turbine system 11 are 
derived from a compressed air supply 
system 20 which will now be described. 125 

At the heart of the compressed air supply 
system 20 is an underground air storage 
reservoir 21, in which air is stored at about 
60°F. and a pressure of 600 p.s.i. The pres- 
sure is held fairly constant by means of a 130 
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water column 22, the upper end of which 
opens into a pond 23. The height of the 
water column determines the stored air 
pressure. Since air is drawn continuously 
5 from the reservoir, it is necessary to reple- 
nish the air periodically. This is accom- 
plished during off-load periods by means of 
a multi-stage air compressor 24, the latter 
being driven by the gas turbine 11 during 
10 off-load periods through a disconnectible 
clutch 25. As previously mentioned, during 
such periods, the motor /generator 10 acts 
as a motor energized from the auxiliary 
generator 12 and assists the gas turbine. 
15 The detailed operation of the system is 
further explained by the Sankey diagrams 
of Figures 3 and 4. 

The second embodiment of the invention 
is basically similar to that illustrated in 
20 Figure 1, but is characterized by the pro- 
vision of an auxiliary generator 12 which 
provides an auxiliary source of electrical 
power which may be fed back into the 
system or used to augment the output of 
25 the system, the auxiliary generator 12 being 
driven by a steam turbine 13. It should be 
noted that the steam turbine 13, unlike a 
conventional gas turbine system, does not 
consume a large fraction of its own power 
30 output, and unlike the gas turbine 11 does 
not require a compressed air supply apart 
from the combustion air supply of the steam 
generator; the steam turbine therefore pro- 
vides, at some additional capital cost, an 
35 auxiliary source of power to assist the gas 
turbine in driving the air compressor during 
off-load periods, and so enabling the on- 
load periods to be exhausted. In a practical 
design of the system for a specific purpose, 
40 one would select the respective capacities of 
the gas turbine and the steam turbine not 
only according to the maximum load 
requirements, but also according to the frac- 
tion of the total time that the system would 
45 be required to be on load. 

The steam generator incorporates a high 
pressure furnace to burn the fuel gas. In 
the illustrated embodiment it is located 
ahead of the gas turbine and its exhaust 
50 gases are fed to the inlet of the gas turbine 
at high temperature and pressure to obtain 
the high efficiency of the combined cycle. 
In an alternative combined cycle arrange- 
ment, not illustrated, fuel is burned in a 
55 combustion apparatus and hot gas at high 
temperature and pressure are fed to the gas 
turbine, the exhaust gases being used to 
generate steam for the steam turbine in a 
waste heat boiler. 
60 During the electrical generation portion 
of the cycle, the air compressor is uncoupled 
or unloaded and does no work. The com- 
pressed air for the coal gasifier and the com- 
bustion of fuel in the steam generator is 
65 obtained from the underground air storage 



reservoir or caverns. This is essentially at 
constant pressure due to the hydrostatic 
head of water 22. As air is withdrawn, it is 
replaced by water from the water storage 
pond via the vertical shafts. 70 

The gas turbine drives the motor /gene- 
rator as a generator and power is fed out 
to the electric power system grid. Since there 
is no compression of air taking place, all of 
the output of the gas turbine is available for 75 
electrical generation and this is about three 
times that of a conventional gas turbine 
plant of similar size. The output from the 
generator of the steam power plant is also 
fed out to the electrical power system grid 80 
during the generation cycle. 

During the storage cycle, all the air is 
shown as being compressed in a manner 
approaching isothermal. Air for process 
(steam generator furnace and coal gasifier) 85 
may be compressed in a manner approach- 
ing the adiabatic with reduced intercooling 
and aftercooling. This provides air at high 
temperature for gasification and combustion 
purposes, thus improving the overall effi- 90 
ciency of the cycle and reducing the amount 
of heat which must be rejected to the en- 
vironment. 

If secondary energy is from time-to-time 
-available from the electric power system at 95 
a lower incremental cost than can be pro- 
vided by coal gasification, part load opera- 
tion of the gasifier, steam turbine and gas 
turbine is possible, the residual energy 
required for air compression being drawn 100 
from the power system. 

Although not shown in the drawings, the 
proposed plant would in practice incor- 
porate a small underground fuel gas reser- 
voir, floating on the fuel gas supply line to 105 
the steam generator. This would provide the 
plant with the necessary flexibility to render 
operation of the gasifier and purification 
plant at least partially independent of the 
fuel consumption rate. : 110 

WHAT WE CLAIM IS: — 

1. An electrical power generating plant 
having alternative generating and energy 
storage modes which alternate during a 115 
cycle of operation, comprising: a pres- 
surized-air fuel gasifier for producing a high 
pressure stream of combustible gas, combus- 
tion means for combusting said gas to gene- 
rate a waste gas stream; a gas turbine driven 120 
by the waste gas stream; a main electric 
generator coupled to the gas turbine to be 
driven thereby; a first air compressor 
coupled to the gas turbine by coupling 
means including a disconnectible clutch, the 125 
clutch being disengaged during the gene- 
rating mode of operation and being engaged 
during the energy storage mode of opera- 
tion to drive the compressor; an under- 
ground air storage reservoir connected to the 130 
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air compressor to receive compressed air 
therefrom during said storage mode; and a 
second air compressor connected to receive 
air from the air storage reservoir and to 
5 deliver air at a higher pressure to the 
gasifier, the second air compressor being 
driven by an expansion turbine driven by 
said combustible gas stream. 

2. An electrical power generating plant 
10 according to claim 1, wherein the gasifier is 

a coal gasifier plant. 

3. An electrical power generating plant 
according to either of the preceding claims, 
including a steam generator heated by the 

15 combustion of said combustible gas for 
generating high pressure steam, a steam tur- 
bine connected to the steam generator and 
operated by the high pressure steam there- 
from, and an auxiliary electric generator 

20 coupled to the steam turbine to be driven 
thereby. 

4. An electrical power generating plant 
according to claim 3, wherein the main elec- 
tric generator is a motor generator con- 

25 nected to the auxiliary generator so as to be 
energized thereby during off-load periods 
and so assist the gas turbine. 

5. An electrical power generating plant 
having alternative generating and energy 

30 storage modes which alternate during a 
cycle of operation, comprising : a pres- 
surized-air fuel gasifier for producing a high 
pressure stream of combustible gas; a steam 
generator heated by the combustion of said 

35 combustible gas for generating high pressure 
steam, the steam generator discharging a 
waste gas stream; a gas turbine driven by the 
waste gas stream; an electric motor gene- 
rator coupled to the gas turbine; a first air 

40 compressor coupled to the gas turbine by 
coupling means including a disconnectible 
clutch, the clutch being disengaged during 
the generating mode of operation and being 
engaged during the energy storage mode of 

45 operation to drive the compressor; an air 
storage reservoir connected to the first air 
compressor to receive compressed air there- 
from during the energy storage mode; means 
for delivering compressed air from the air 

50 storage reservoir to the steam generator; a 
second air compressor connected to receive 
air from the air storage reservoir and to 
deliver the air at a higher pressure to the 
gasifier, the second air compressor being 

55 driven by an expansion turbine connected 
between the gasifier and the steam generator 
and driven by said combustible gas stream; 
a steam turbine operated by high pressure 
steam from the steam generator, and an 

60 auxiliary electric generator coupled to the 



steam turbine to be driven thereby, the 
motor generator being connected to the 
auxiliary generator so as to be energized 
thereby during off-load periods and so assist 
the gas turbine. 65 

6. An electrical power generating plant 
according to claim 5, wherein the gasifier 
is a coal gasifier plant. 

7. A method of operating an electrical 
power generating plant comprising an elec- 70 
trical generator driven by a gas turbine 
plant, to meet a variable load demand, 
which method comprises providing an un- 
derground air storage reservoir constituting 

a source of pressurized air, continuously 75 
generating a high pressure stream of com- 
bustible gas from the gasification of fuel in 
the presence of pressurized air from the 
reservoir, combusting said gas in the pre- 
sence of pressurized air from the reservoir 80 
to generate heat while producing a waste 
gas stream, utilizing sai4 waste gas stream 
to drive the gas turbine; and 

(i) when , the load demand is high, dis- 
engaging the air compressor of the 85 
gas turbine plant to reduce the 
mechanical load thereon, and 

(ii) when the load demand is low, en- 
gaging the air compressor of the gas 
turbine plant and supplying com- 90 
pressed air from the air compressor 

to the air storage reservoir. 

8. A method according to claim 7, 
wherein the electrical generator is a motor 
generator, said method further comprising 95 
utilizing the heat of combustion of said gas 

to generate high pressure steam for driving 
a steam turbine connected to an auxiliary 
generator, and 

(i) when the load demand is high, feed- 100 
ing power from said motor generator 
and said auxiliary generator into the 
load, and 

(ii) when the load * demand is low, 
operating the motor generator as a 105 
motor receiving .power from said 
auxiliary generator for assisting the 
gas turbine. 

9. An electrical power generating plant 
substantially as hereinbefore described with 110 
reference to, and as illustrated by, the 
accompanying drawings. 

10. A method of operating an electrical 
power generating plant substantially as here- 
inbefore described with reference to, and as 115 
illustrated by, the accompanying drawings. 

BARON & WARREN, 
16, Kensington Square, 

London, W8 5HL. 
Chartered Patent Agents. 
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